Among the enzymes, phosphoglycerate mutase followed by creatine kinase appeared to be the most sensitive index of muscle disorder. The extent of the change in the muscle creatine kinase isozyme pattern was not correlated with the levels of serum creatine kinase activity.
Unusual isozyme patterns of creatine kinase,' aldolase,2 and lactate dehydrogenase3 have been observed in diseased muscle from man and other vertebrate species. There are at least two possible explanations for the appearance of such patterns: either they reflect some general change in the patterns of gene expression in deteriorating muscle cells or the regeneration of muscle and the appearance of newly differentiating myoblasts. The three enzymes involved have some features in common. They each occur at relatively high levels in adult muscle and are determined by multiple gene loci which show alteration in the pattern of expression during intrauterine development. In each case the patterns of isozyme activity seen in diseased muscle more closely resemble those of the fetus.
Creatine kinase is of special interest to those engaged in research on muscular dystrophies since raised activity in serum has proved to be valuable in the diagnosis of these disorders (for a review see Tyler4) , and the appearance of the MB creatine §Present address: Scherling Chemicals, Burgess Hill, Sussex RH15 9NE.
Received for publication 18 July 1981 kinase isozyme in the serum and in the muscle may help in the recognition of female carriers of the sex linked Duchenne type of progressive muscular dystrophy. -7 The value of creatine kinase as a serum marker for muscle disorders lies in the occurrence of a muscle specific isozyme which is present in relatively high concentrations in muscle. However, there are other enzymes present in similar or even greater quantities in adult muscle which also show muscle specific isozyme patterns but which have scarcely been investigated as serum markers of muscular abnormalities. Among them are lactate dehydrogenase, aldolase, phosphoglyceromutase, acid phosphatase, and carbonic anhydrase. The purpose of the present investigation was to explore the isozyme patterns of these enzymes in muscle biopsy specimens from patients with neuromuscular disorders and to assess their potential diagnostic value. At the same time the profile of soluble proteins in abnormal muscle and in normal adult and fetal muscle was compared.
Materials and methods
Fetal skeletal muscle samples (10 The sarcoplasmic protein profiles were analysed using vertical slab polyacrylamide gel electrophoresis, both in the presence and absence of the anionic detergent sodium dodecyl sulphate (SDS) using the buffer system of Laemmli.9
The isozyme patterns of creatine kinase (CK), aldolase (ALD), lactate dehydrogenase (LDH), enolase (ENO), phosphoglyceromutase (PGAM), and acid phosphatase (ACP) were analysed using horizontal starch gel electrophoresis and specific staining procedures as described by Harris We also attempted an overall analysis of the relationship between the histological appearance of the biopsy specimens and the biochemical data. The muscle of Duchenne patients of all ages was grossly abnormal histologically with signs of active fibre degeneration especially in young patients (3 to 6 years). Patches of muscle fibre regeneration occurred in the muscles of young Duchenne patients but were much less obvious in the older group (7 to 10 years) and, apart from a single case (biopsy No 15), the samples used in the present study came from this latter group. In contrast, in the muscles from patients with inflammatory myopathy, the regions in which there was evidence of muscle breakdown were always interspersed with significant areas of active regeneration, regardless of the patient's age. There was apparently no relationship between the occurrence of newly formed myotubes and the appearance of a fetal pattern of isozymes or polypeptides since the fetal-like patterns were found most commonly in the Duchenne biopsy material (see appendix). Observations made in this study and earlier investigations show that neuromuscular disorders are associated with marked changes in muscle isozyme patterns and polypeptide profiles. These changes appear to be general and consequent upon rather than the cause of the disease process. Furthermore, the changes in the enzymes and other proteins considered in this study are not characteristic of a particular disorder or class of disorders and it is usual to encounter changes of several gene products in any one muscle sample. There is, however, some correlation between the incidence of unusual isozyme patterns and protein profiles and the overall severity of the disorders.
The unusual isozymes are not novel or unique to the disordered muscle but are isozymes normally expressed in fetal life. Similarly, the polypeptide profiles encountered in diseased adult muscle are very similar to those of healthy fetal muscle homogenates. The most likely interpretation of these unusual profiles is that they reflect changes in the patterns of gene expression within the muscle rather than degeneration and degradation of muscle proteins in vivo or in vitro. It is not clear whether the changing patterns of gene expression occur within existing fully differentiated adult muscle cells or reflect the appearance of newly differentiated myotubes. Our evidence from histology and isozyme patterns, particularly in comparisons of the Duchenne and inflammatory myopathy material, suggests that the 'fetal' patterns of gene expression are not inevitably dependent upon successful muscle regeneration and can arise within existing but deteriorating myofibres. That the two phenomena, muscle breakdown and disdifferentiation, can also occur independently is illustrated by the findings on creatine kinase in serum and muscle biopsy specimens. It has been shown in this study, and previously by Cao et al,14 that within the same subject there is no correlation between serum CK activity and the occurrence of the creatine kinase MB isozyme in skeletal muscle. The presence of the MB isozyme presumably indicates genetic disdifferentiation of existing myofibres or normal differentiation of newly developing muscle fibres or both, whereas the rise in the serum creatine kinase activity reflects muscle fibre degeneration with leakage of protein into the circulation.
The creatine kinase MB isozyme is sometimes detected in the serum of patients with neuromuscular disorders6 7 and it has been suggested that its presence is a reflection of cardiac muscle degeneration. The MB form of creatine kinase is often regarded as an isozyme marker of cardiac but not skeletal muscle. However, as the present studies demonstrate, the MB isozyme is not restricted to cardiac muscle. It accounts for a significant proportion of the total skeletal muscle CK activity in almost all of the biopsy specimens tested which show degenerative change and fetal-like isozyme patterns, and could certainly have contributed substantially to the serum CK activity.
Analysis of the creatine kinase isozymes in serum and muscle biopsy specimens provides quite a good index of muscle degradation and disdifferentiation in various disorders of muscle function, but there are several other enzymes which may be equally or even more informative. Enolase (ENO) and phosphoglycerate mutase (PGAM) for example were found to be especially valuable in the present work on muscle biopsy material and it would be interesting to investigate the isozymes and overall levels of activity of these enzymes in the sera of patients with neuromuscular disorders. ENO and PGAM each show an isozyme pattern specific to fetal muscle, and fetal-like isozymes of both these enzymes have been observed in several of the pathological muscle biopsy specimens. Indeed, PGAM may prove to be a relatively more sensitive marker enzyme than CK, since fetal patterns of PGAM were found in several instances where no other biochemical changes were observed and where the CK isozymes were indistinguishable from normal.
Analysis of the polypeptide proffles of soluble muscle proteins by SDS gel electrophoresis appears to be comparable to the CK isozyme patterns as an index of neuromuscular disorders. The changes which have been observed in two of the major proteins of skeletal muscle, myoglobin and the muscle specific carbonic anhydrase CAIII, appear to reflect a change in the pattern of gene expression within the muscle and a reversion to the fetal state, since myoglobin is absent and CAIII is present at lower than usual concentrations. This parallels the situation observed in a mid-term fetus; myoglobin is not detected until after 24 weeks' gestation and CAIII remains at less than half of the normal adult levels until birth.15
The possibility that the unusually low levels of these and other polypeptides reflect degeneration and protein leakage into the serum cannot be totally discounted. Myoglobin has been identified in the serum of some subjects with degenerative muscle 
